Respiratory resistance (Rrs6), transcutaneous oxygen tension (Ptco2), and oxygen saturation (Sao2) were measured during methacholine challenge in 15 asthmatic children and six normal adults. During bronchoconstriction, induced by a wide range of inhaled methacholine concentrations (0 5-256 could examine the relation between bronchoconstriction and hypoxaemia over a wide range of inhaled methacholine concentrations, we studied normal adults and asthmatic children.
Little is known about the development of bronchial responsiveness and its relation to respiratory symptoms in early childhood. The main difficulty has been the inability of very young children to cooperate with lung function testing. Many workers have noted that hypoxaemia occurs in association with bronchoconstriction during bronchial challenge`3 and some have used measurement of transcutaneous oxygen tension (Ptco2) instead of respiratory resistance (Rrs) to measure the response to methacholine inhalation challenge in older children and sedated preschool children. 45 The purpose of this study was to find out whether there was a consistent relation between changes in Ptco2 and Rrs during methacholine challenge, and whether a particular change in Ptco2 could be used to calculate a provocative dose of methacholine in children too young to cooperate with lung function tests. Because the measurement of arterial oxygen saturation (Sao2) is simpler and more readily available than that of Ptco2, Sao2 was measured simultaneously. So that we could examine the relation between bronchoconstriction and hypoxaemia over a wide range of inhaled methacholine concentrations, we studied normal adults and asthmatic children.
Method

SUBJECTS
Nineteen asthmatic children (age range 4-11 years) were selected from the children's asthma clinic. All were in a stable condition but represented a wide range of clinical severity. All bronchodilator and cromoglycate treatment was stopped at least 12 hours before the study. Six normal adult volunteers aged 23-46 years were recruited (table) .
The study had approval from the hospital ethics committee and informed consent was obtained from all subjects and where applicable their parents.
CHALLENGE PROCEDURE
After the subject had inhaled normal saline doubling concentrations of methacholine chloride were administered for one minute each, by Wright nebuliser, with 8 1/min of air as the driving gas. The initial concentration was 0-5 g/l for asthmatic subjects and 4-16 g/l for normal subjects. The subject breathed quietly through a mouthpiece with a nose clip in place. The inhalations were repeated at five minute intervals until a 40% increase in -respiratory resistance had occurred or the maximum concentration of methacholine (32 g/l for asthmatic children and 256 g/l for normal adults) had been delivered. The same nebuliser was used throughout the study.
LUNG FUNCTION
Respiratory resistance was measured by the forced oscillation technique with the apparatus designed and built by Landser.6 The subject sat resting on his elbows with a nose clip in place and cheeks supported while breathing normally into the apparatus through a mouthpiece. Rrs was determined over the frequency spectrum 2-26 Hz. The average Rrs over the whole frequency range and Rrs at each oscillation frequency were recorded. Only values with a coherence of at least 0-95 (signal to noise ratio) were accepted. The rise in Rrs6 was associated with a significant fall in Ptco2 for each subject (that is, > 2 SD below the mean baseline value for that subject). The mean fall in Ptco2 was significant for both normal (p < 0-001) and asthmatic children (p < 0-001). There was a significant inverse relation between ARrs6 and APtco2 in 12 of the 21 subjects (eight children, four adults) (table). Change in Rrs6 and Ptco2 with increasing doses of inhaled methacholine in an asthmatic child and a normal adult are shown in figure 1.
RELATION BETWEEN Rrs6 AND Ptco2
The PD40Rrs6 was closer to the PD20Ptco2 than to the PD,5Ptco2. There was no significant difference between the mean PD40Rrs6 and mean PD20Ptco2 for adults or children (2 5 v 3 0 for children; 7 2 v 7 8 for adults), whereas mean PD,5Ptco2 was significantly lower for both (1 8 and 4 7 pmol; table). The relation between PD40Rrs6 and PD20Ptco2 was similar over a wide range of inhaled methacholine doses, though the scatter was slightly wider among the children (figs 2 and 3). The difference between the two was within 1 doubling dilution of methacholine in all adults and in 12 of the 15 children. The difference in the remaining three children was within 2 doubling dilutions. y=-0.0617+1 .04x 
RELATION OF Rrs6 AND Sao2
There was a significant fall in Sao2 at the time of maximum bronchoconstriction for the group as a whole, from a mean value of 97-2% (SD 1-19%) to 94A4% (3-36%); p < 0-001. Five subjects showed a significant relation between ARrs6 and A Sao2. The maximum fall was 2% or less in 12 subjects, however, which was within the 95% confidence limits for repeat baseline measurements. We could not therefore determine a given fall in Sao2 that could be used universally to define a provocative dose.
There was no change in mean PtcCO2 (at rest 4 94 (0 55)), at maximum dose of methacholine 4-94 (0-38) kPa.
Discussion
Bronchoconstriction induced by methacholine in both asthmatic children and normal adults, caused a fall in Ptco2. A 20% fall in Ptco2 was roughly equivalent to a 40% increase in Rrs6 for bronchoconstriction induced by a very wide range of methacholine doses.
The cause of the fall in Ptco2 is not clear. It cannot be attributed to hypoventilation as there was no rise in Ptcco2. Stewart and colleagues found that histamine but not methacholine challenge induced changes in breathing pattern, including minute ventilation, though both were associated with significant desaturation and similar degrees of bronchoconstriction.
The most likely cause of the induced fall in Ptco2 is an increase in ventilation-perfusion (V/Q) mismatch, caused either by airway narrowing or by an effect on the pulmonary circulation. If the latter is a factor it is likely to be secondary to bronchoconstriction as the fall in Ptco2 was closely related to changes in lung function over a very wide range of inhaled methacholine doses. This is in contrast to the dissociation between change in lung function and arterial oxygen tension seen after treatment of induced bronchoconstriction with bronchodilators."'0 Hedlin and colleagues found evidence of V/Q mismatching after histamine inhalation in asthmatic children," with one normal and one high VT/Q mode as a result of hyperinflation associated with bronchoconstriction.
Mean baseline Ptco2 ranged from 8-4 to kPa in the children and from 9 7 to 12 2 kPa in the adults; it was unrelated to baseline Rrs6 % A Ptco2 (%) 
